We evaluated the prevalence of low bone mineral density (BMD) and osteoporotic fractures in kidney transplantation (KT) patients and determined risk factors associated with osteoporotic fractures. The study was conducted on 191 patients (94 men and 97 women) with first KT for 3 years or more presenting stable and preserved renal function (serum creatinine levels lower than 2.5 mg/dl). KT patients were on immunosuppressive therapy and the cumulative doses of these drugs were also evaluated. BMD was determined by dual-energy X-ray absorptiometry at multiple sites (spine, femur and total body). Quantitative ultrasound of the calcaneus (broadband ultrasound attenuation, speed of sound, and stiffness index, SI) was also performed. Twenty-four percent (46) of all patients had either vertebral (29/46) or appendicular (17/46) fractures. We found osteoporosis and osteopenia in 8.5-13.4 and 30.9-35.1% of KT patients, respectively. Women had more fractures than men. In women, prevalent fractures were associated with diabetes mellitus [OR = 11.5, 95% CI (2.4-55.7)], time since menopause [OR = 3.7, 95% CI (1.2-11.9)], femoral neck BMD [OR = 1.99, 95% CI (1.4-2.8)], cumulative dose of steroids [OR = 1.1, 95% CI (1.02-1.12)] and low SI [OR = 1.1, 95% CI (1.0-1.2)]. In men, fractures were associated with lower lumbar spine BMD [OR = 1.75, 95% CI (1.1-2.7)], lower SI [OR = 1.1, 95% CI (1.03-1.13)], duration of dialysis [OR = 1.3, 95% CI (1.13-2.7)], and lower body mass index [OR = 1.24, 95% CI (1.1-1.4). Our results demonstrate high prevalence of low BMD and osteoporotic fractures in patients receiving a successful kidney transplant and indicate the need for specific intervention to prevent osteoporosis in this population.
Abstract
We evaluated the prevalence of low bone mineral density (BMD) and osteoporotic fractures in kidney transplantation (KT) patients and determined risk factors associated with osteoporotic fractures. The study was conducted on 191 patients (94 men and 97 women) with first KT for 3 years or more presenting stable and preserved renal function (serum creatinine levels lower than 2.5 mg/dl). KT patients were on immunosuppressive therapy and the cumulative doses of these drugs were also evaluated. BMD was determined by dual-energy X-ray absorptiometry at multiple sites (spine, femur and total body). Quantitative ultrasound of the calcaneus (broadband ultrasound attenuation, speed of sound, and stiffness index, SI) was also performed. Twenty-four percent (46) of all patients had either vertebral (29/46) or appendicular (17/46) fractures. We found osteoporosis and osteopenia in 8.5-13.4 and 30.9-35.1% of KT patients, respectively. Women had more fractures than men. In women, prevalent fractures were associated with diabetes mellitus [OR = 11.5, 95% CI (2.4-55. 
Introduction
End-stage renal disease (ESRD) is associated with multiple skeletal and mineral metabolism disorders, leading to bone disease generically called "renal osteodystrophy" (1) . Many mechanisms are involved in its pathophysiology including calcitriol deficiency, hypocalcemia, hyperphosphatemia, secondary hyperparathyroidism, metabolic acidosis, uremia, and aluminum deposition (2) . Age, gender, duration of dialysis, low calcium intake, and drugs such as phosphate binders may also play an important role in bone disease associated with ESRD (1, 2) .
Kidney transplantation (KT) is the treatment of choice for ESRD and its demand has grown tremendously due to the small number of short-term complications, mainly rejection episodes, and the increased longterm survival rates and quality of life when compared with patients treated with hemodialysis. Although most metabolic disturbances are reversible after transplantation, restoration of glomerular filtration and improvement of calcitriol production do not reverse renal bone disease. Many studies have shown that bone disease may persist during the first years following transplantation or even become worse due, in part, to the need for immunosuppressive therapy such as glucocorticosteroid, cyclosporine A and tacrolimus (FK506), which are important to prevent transplant rejection (3) (4) (5) . Cyclosporine A and tacrolimus are relatively new immunosuppressive agents that, despite their well-documented steroid-sparing effect, are associated with several clinical complications. Particularly, the musculoskeletal system is often affected (6) .
KT affects bone integrity and increases the risk of fragility fractures. However, not every patient displays sustained bone loss after KT. Due to post-transplantation bone disease, a rapid reduction of bone mineral density (BMD) develops that can exceed 10% in the first 12 months. Subsequently, the bone loss slows down or even a secondary increase occurs (7) . Three patterns of BMD profiles have been observed after transplantation: a) steady decrease, b) decrease over 6 months and partial correction, and c) decrease over 6 months and total correction.
The most important and disabling clinical outcome of post-transplantation bone disease is fragility fracture (8) (9) (10) (11) (12) . KT is associated with early rapid bone loss and subsequent sustained bone loss, consequently increasing fracture risk (3, 4, 13) . Low BMD is one of the most important risk factors for fractures (14) . However, fractures have been documented to occur not only in patients with low BMD but also in patients with normal BMD (8) , suggesting that other factors may also play an important role to determine fractures in this population. Besides BMD, bone architecture, geometrical properties of the bone and risk of falls are also significant determinants of fracture risk. Age, ethnic origin, history of previous fracture, female sex and low weight, important risk factors for fracture previously reported in the general population (15) , have also been observed in ESRD patients (16) , and recently in KT patients (17) .
Bone architecture can theoretically be assessed by quantitative ultrasound (QUS). QUS is a new, simple, portable, inexpensive, radiation-free method that evaluates bone structure and predicts fracture independently of BMD. It has been suggested as an alternative approach to BMD measurement to assess skeletal fragility and bone quality (18) . Only a few studies have analyzed QUS parameters in KT patients and its usefulness in this set of patients has not been established.
In the present study, we evaluated the prevalence of low trauma fractures and low bone mass in KT patients presenting stable and preserved renal function. A search was also made for clinical risk factors potentially associated with osteoporotic fractures in this population. We describe here important clinical and densitometric determinants of fracture risk in KT recipients with preserved renal function.
Patients and Methods

Patients
Five hundred KT patients were selected from our transplant unit database in May 2000. These patients were Brazilian men and women living in the São Paulo metropolitan area, Brazil, under regular follow-up at the Renal Transplant Center of São Paulo Hospital, São Paulo, SP, Brazil. After approval from the local Ethics Committee, 207 patients were invited by telephone to participate in the present study. Only first-KT recipients were selected. Patients were selected at random from those with a kidney transplant performed at least three years before, and stable graft function (serum creatinine 2.5 mg/dL or less). All patients gave written informed consent to participate. Of a total of 207 patients invited, 191 concluded the study. Six patients did not accept to participate in the study protocol and 10 others did not attend the first appointment. Mean age was 44.8 ± 0.8 years and average time since transplantation was 87 ± 3.7 months. The cause of renal failure was unknown in 80 patients (41.9%) whereas chronic glomerulonephritis, hypertension, diabetes mellitus, polycystic kidney disease, and obstructive nephropathy were responsible for renal failure in 65 (34%), 18 (9.4%), 11 (5.7%), 5 (2.6%), and 4 (2.1%) cases, respectively. Other causes of renal failure were observed in 8 patients.
Patients were 94 males (20 of them had diabetes mellitus) and 97 females (30 of them were postmenopausal and 14 had diabetes mellitus). The medical charts of all patients were analyzed and the following information was obtained: demographic data, duration of pretransplant dialysis, time since transplantation, serum creatinine, value of glomerular function predicted by the equation of Cocroft and Gault, and cumulative drug dosage (steroids, cyclosporine A and azathioprine).
Exclusion criteria were prolonged immobilization, systemic illness or malignancy, as well as the use of drugs that affect bone metabolism (bisphosphonates, calcitonin, fluoride, selective estrogen receptor modulators, etc.), except immunosuppressive agents and corticosteroids. Calcium supplement use and hormone replacement therapy were not exclusion criteria for this study.
Fracture ascertainment
Patients were asked about symptomatic low-trauma fractures during the interview. None of them had symptomatic vertebral fractures. Traumatic fracture was excluded. Plain radiographs of the thoracic and lumbar spine were obtained for all patients using standard protocols to determine prevalent vertebral deformities. Vertebral deformity was defined by a quantitative method according to Eastell's criteria (19) .
Bone mineral density measurements
Dual-energy X-ray absorptiometry was performed in all patients using a Lunar DPX device (Lunar Corp., Madison, WI, USA) and lumbar spine (LS) and femoral neck (FN) BMD was measured. These measurements were performed at the Osteoporosis Unit, Rheumatology Division, São Paulo Hospital, over a 5-month period. Daily calibration measurements using a phantom were performed according to manufacturer instructions. Coefficients of variation for BMD measurements were 1.9% for LS and 3.6% for FN. Prevalence of low bone mass in men and women was defined according to the World Health Organization (WHO) recommendations (20) .
Quantitative ultrasound measurements
Bilateral heel QUS measurements were carried out using the Achilles + equipment (Lunar). During the passage of the ultrasound wave through the bone, its characteristic frequency spectrum is altered. These changes reflect the QUS parameters analyzed, i.e., broadband ultrasound attenuation (BUA), speed of sound (SOS) and stiffness index (SI). SI is a mathematical combi-nation of BUA and SOS values [SI = 0.67 x BUA + 0.28 x SOS -420]. T and Z scores for SI were calculated by comparison to a system-inherent white reference population for the same gender and age. The QUS normal reference curve for the Brazilian population is not significantly different from the American reference range (21), and so the latter was used in our study. The inter-foot coefficient of variation for QUS parameters was investigated and no statistically significant difference was found between left and right calcaneus measurements. For logistic regression analysis, right heel measurements were used. Precision errors determined as root mean squared coefficient of variation were 1.01% for BUA, 0.23% for SOS and 1.25% for SI (21) .
Statistical analysis
Data are reported as means ± SEM. The SEM was chosen because it represents 68% of the population and ranges are presented when needed. The significance of the differences between groups (men versus women, men with fractures versus men with no fractures, women with fractures versus women with no fractures) was tested by the unpaired Student t-test, chi-square test or Pearson's correlation analysis when appropriate. Logistic regression analysis was performed to determine the factors that were better associated with fractures in our population. Since gender plays a critical role in bone mass and metabolism determination, separate analyses were performed for males and females. Variables significantly associated with fracture by chi-square analysis were tested by logistic regression analysis. For all analyses, the level of significance was set at P < 0.05. Table 1 shows descriptive characteristics of KT patients according to gender. Ninetyseven patients were females and 94 were males (mean age: 43.2 ± 1.0 and 46.6 ± 1.2 years, respectively). Males were significantly older, heavier and taller than females (P < 0.05). Since anthropomorphic characteris- tics and bone measurements were also statistically different between men and women (Tables 1 and 2 ), males and females were evaluated separately. Diabetes mellitus was present in 34 patients (20 males and 14 females) and 30 of 97 women were postmenopausal. None of the postmenopausal women were taking hormone replacement therapy.
Results
Characteristics of the kidney transplantation population
The transplanted kidney was from a living donor in 104 patients and from a cadaver in 87 patients. Most of the living transplants were from genetically related donors (94.2%) while 5.8% were from non-genetically related donors. Most of the non-genetically related transplants were from spouses (66.7%).
Anthropomorphic data, clinical aspects and immunosuppressive therapy used for patients with or without fractures after KT, according to gender, are shown in Table 3 . KT female patients with fractures were significantly older and had used significantly higher cumulative doses of steroids than women with no fracture. KT men with fractures were significantly thinner and shorter Data are reported as means ± SEM with range within parentheses. LS = lumbar spine; FN = femoral neck; BUA = broadband ultrasound attenuation; SOS = speed of sound; SI = stiffness index. *P ≤ 0.05 compared to males (Student t-test).
and had lower BMI values than those without fractures. On the other hand, no statistically significant difference in age was found in this subset of the KT population studied. Significantly longer duration of pre-KT dialysis was observed in KT men with fractures compared to those without fractures (P < 0.05). LS and FN BMD values were significantly lower in KT male and female patients with fractures compared to controls with no fractures (Table 4 ). Even after adjustments for age and menopausal status, BMD values were still significantly lower in women with fractures than in women with no fractures. QUS values tended to be lower in men and women with fractures compared to their nonfracture controls, although the difference was not statistically significant (Table 4) .
Bone mineral density and quantitative ultrasound measurements
BMD and QUS measurements for KT patients are shown in Table 2 . Male patients had significantly higher FN BMD and BUA values than female patients. When BMD was classified according to the WHO criteria for skeletal fragility and risk of fracture, we found osteoporosis in 8.5-13.4% of KT patients and osteopenia in 30.9-35.1%, depending on gender or skeletal site examined. The prevalence of osteoporosis and osteopenia at the FN and LS did not differ significantly between men and women (Table 5) . Table 6 shows the prevalence of fragility fracture in our population. Forty-six KT patients (24%) presented low-impact fractures in our survey (20 men and 26 women, of whom 14 were postmenopausal). None of the postmenopausal women were under hormone replacement therapy. A history of peripheral fracture after low trauma was observed in 14 patients (mean time from trauma to KT: 8 years; range: 6 months to 12 years). Vertebral fractures were found in 29 patients (63% of the total cases with fractures, 17 men and 12 women). Three patients had peripheral and vertebral fractures simultaneously.
Fracture data
Diabetes mellitus was observed in 9 female KT patients with vertebral (N = 3) or peripheral (N = 6) fractures, but only in 3 Data are reported as means ± SEM. LS = lumbar spine; FN = femoral neck; BUA = broadband ultrasound attenuation; SOS = speed of sound; SI = stiffness index. *P < 0.05 compared to same sex with fracture (Student t-test).
males with fracture (vertebral = 2; non-vertebral = 1).
Risk factors for fracture
Backward conditional logistic regression analysis was performed including all variables that showed significance in the chisquared analysis in order to identify potential risk factors for fractures in this population. Again, men and women were analyzed separately. Renal function assessed by creatinine levels and predicted creatinine clearance was not associated with BMD measurements or with the presence of fractures. As shown in Table 7 
Discussion
KT is a successful treatment for ESRD and results in better quality of life. In Brazil, the rate of KT reaches 3000 per year (22) with increasing long-term survival rates probably associated with the routine use of cyclophilin-binding agents (5) . On the other hand, the use of immunosuppressants, especially glucocorticosteroids, causes multiple skeletal complications, including osteoporosis and increased fracture risk.
The current study was designed to estimate the prevalence of low-trauma fracture Data are reported as number and percent. LS = lumbar spine; FN = femoral neck. Data are reported as number and percent. difference between genders being not statistically significant. These data show that KT patients presented significantly higher fracture prevalence than that observed for the general population. Others have found similar fracture rates in KT patients (0-38.5%) (8) (9) (10) (11) (12) (23) (24) (25) . Some of this variability in fracture prevalence among KT patients might be related to the design of the study, the population assessed and the criteria used to define fracture, particularly vertebral deformity. Vertebral deformities were observed in 29 of 46 patients with fractures (63% of the total number of fractures). This observation is consistent with some other studies (8, 10, (23) (24) (25) that have demonstrated a higher prevalence of vertebral than non-vertebral fractures in this set of patients. Patel et al. (25) , using a different method to identify vertebral fracture, reported a prevalence of vertebral deformities in KT patients similar to ours, while other investigators have observed a lower prevalence of vertebral fractures than that described in the present study (9, 26, 27) . These conflicting findings probably reflect methodological differences (inclusion criteria, selection bias) and management discrepancies (dialysis and transplantation) among centers. Moreover, ethnic and geographic factors may also play an important role in low-trauma fracture occurrence. Melton III et al. (28) observed that the prevalence of vertebral fractures ranges from 8 to 25% in healthy women, depending on the classification criteria applied. Differently from the vertebral fracture data, our nonvertebral fracture findings are similar to those reported in the literature. Again, the diagnostic criteria for appendicular fractures are universal and do not depend much upon the diagnostic methodology used.
It is also interesting to observe that the average cumulative dose of corticosteroid used in our patients was significantly higher than that described for other populations, especially in North America (8) . At our center, KT patients use immunosuppressive therapy that includes prednisone, a calcineurin inhibitor (cyclosporine or tacrolimus) and an antimetabolite (azathioprine or mycophenolate mofetil). At the time the patients selected underwent KT, neither tacrolimus nor mycophenolate mofetil or induction therapy with polyclonal or monoclonal antibody preparations were easily available in Brazil. The immunosuppressive protocol consisted mainly of prednisone, cyclosporine and azathioprine. This may explain the higher glucocorticoid doses needed to avoid rejection in our patients. One year after KT, the average daily dosage of prednisone for our patients was 6.95 mg, high enough to have a negative impact on bone homeostasis. At pharmacological doses, glucocorticosteroids inhibit osteoblastogenesis and bone formation and increase osteoblast apoptosis, leading to bone loss and fragility fractures. The higher corticosteroid doses used by our patients could theoretically explain the higher prevalence of osteoporosis and fragility fractures in our sample.
The prevalence of low bone mass following KT varies according to the population studied; it tends, however, to be more pronounced than that observed in the general population (25) . The KT men and women studied here showed a similar bone loss prevalence and had fractures with BMD values than those reported in the literature for the general population (9, 10, 23, 25) , a fact suggesting that factors other than BMD are involved in fracture risk determination in KT recipients. This observation also suggests that the WHO criteria used to determine fracture risk should be revised to better classify fracture risk in the KT population (10, 14, 29) . Another strategy to improve the evaluation of fracture risk in KT patients would be to establish absolute BMD values below which fracture risk is significantly higher. The singular bone disease following KT could also explain the prevalence of fractures with higher BMD values in this population. Most patients developed bone disease related to renal failure before KT (dialysis stage) and after it (immunosuppressive therapy). Thus, they could have a bone disease pathologically different from primary osteoporosis. Parker et al. (24) , studying bone histomorphometry in 38 KT women, observed that only 2 of them had normal results even when evaluated 8 years after KT.
Most investigators studying skeletal fragility in KT patients have analyzed men and women together. In our study, men and women were assessed separately and classified according to fracture status. In women, diabetes mellitus, menopausal status, FN BMD, cumulative dose of steroids, and low SI were the most important determinants of fracture risk. As observed in another study (26) , diabetes mellitus is a very important risk factor for fractures in KT women (OR = 11.5, 95% CI = 2.4-55.7). A dynamic bone disease and bone formation impairment related to peripheral resistance to PTH, have both been observed in diabetic patients, leading to higher fracture risk in this population (17) . Moreover, other risk factors (steroids, physical activity, IGF-1, stress fractures, atherosclerosis) (24, 30) could theoretically have synergistic effects on bone loss in this subgroup of patients. Menopause is one of the main risk factors for fractures in healthy women, as well as in KT patients (25) . Interestingly, Ramsey-Goldman et al. (12) reported no statistically significant differences in fracture prevalence between pre-and postmenopausal KT women, but they only investigated symptomatic vertebral fractures.
In KT men, longer time of dialysis, lower LS BMD, lower SI, and lower BMI were the factors most significantly associated with fractures. A longer duration of dialysis influenced the occurrence of fractures, suggesting that pre-transplantation bone disease is an important determinant of future fractures. Lower SI and bone density were associated with fracture risk, as also reported by Pichette et al. (10) and Parker et al. (24) , who have described vertebral fractures in men and have shown a significant correlation between lower LS BMD, lower SOS and fractures.
As previously noted by other authors, there was a statistically significant correlation between QUS measurements obtained from the left and right heels (r = 0.84), excluding the need for duplicate bilateral QUS testing in routine practice (31, 32) .
Even though KT recipients had a higher fracture prevalence than that reported for the general population, the odds ratio described in the present study are comparable to those found in patients with postmenopausal osteoporosis or osteoporosis related to the aging process (33) . These findings suggest that bone mass measurements and specific clinical factors can predict fractures in KT patients with the same performance as that described for the general population.
Most of our patients had received a transplant from living donor (54%) and one could question whether our sample is representative of the Brazilian KT population. According to data from the Brazilian National System of Transplants, most of the organ transplantation in our country is still from living donors. Similar to our findings, repartition transplantation from living donors versus transplantation from cadaveric donors for kidney transplantation in Brazil in the years of 2003 and 2004 was 58.9 and 41.1% and 47.2 and 52.8%, respectively (24) . At most Brazilian transplantation centers there still is a significantly high rate of allocation failure for organs from cadaveric donors, a fact that helps to explain the higher repartition rate for living donor transplants compared to cadaveric donors.
The present study has some limitations that need to be pointed out. The cross-sectional study design may have caused inherent flaws in the data collection and prevented the authors from determining the correct time when the vertebral deformities occurred. Important details regarding rejection episodes, oral calcium intake and mineral calcium metabolism before and after KT were also not assessed in this study and may have had a significant impact on fracture determination.
We observed a high prevalence of lowimpact fractures in a young population of kidney transplantation patients. Higher fracture prevalence was found in postmenopausal or diabetic women and in men with a longer time of dialysis, lower FN BMD and lower BMI. In addition, BMD and QUS measurements showed a comparable performance in distinguishing male and female patients with fractures from those without after kidney transplantation. Longitudinal studies are needed to better quantify the influence of these factors on fracture risk in this population.
